Factor X Padua, first described a few years ago, is characterized by a defect only in the extrinsic system. In this present paper, the molecular basis for this peculiar defect is investigated. Polymerase chain reaction amplification and direct sequencing of the entire FX coding sequence and of exon-intron junctions detected in the proposita a C-to-T translocation in exon 8 of nucleotide 875 at the . homozygous level. This resulted in the substitution of tryptophan for arginine 251. A niece of the proposita was shown to be heterozygous for the abnormality. Molecular modeling suggested that the mutation does not alter significantly folding and stability of the protein but may be involved in the Ca2+ binding site.
Factor X (FX) is a vitamin K-dependent protein that participates in the middle phase of blood coagulation (1) . After the specific activation by the complex tissue factor/activated factor VII (TF/FVIIa) in the initiation phase, process is amplified in the propagation step where FX interacts with the complex activated factor VIII/factor IX (FVIII) (2) . Activated FX (FXa) converts prothrombin to thrombin in the presence of activated factor V (FVa), phospholipids, and Ca2+. FX deficiency is a rare congenital hemorrhagic condition inherited as an autosomal recessive disorder. Clinical presentation, in our experience, usually correlates fairly well with the laboratory data. Genotyping and molecular analysis represent a valuable method to correlate the structure of FX to its functions. In this paper, we characterized the genetic basis of the previ-ously reported FX Padua, a peculiar FX abnormality with a defect mainly in the activation via the extrinsic pathway (3).
PATIENTS, MATERIALS, AND METHODS
The proposita was a 56-year-old female who was familiar to us (3) . She had been sent to us for evaluation after the disclosure of a prolonged prothrombin time. Bleeding history was unremarkable. Routine laboratory investigations and specific factor X assays have been performed as previously reported (3) (4) (5) . SDS-PAGE was performed according to Laemmli (6) . Genomic DNA was prepared from leukocytes by standard procedures. Amplification of exons I through VIII and respective splice junctions of the factor X gene were performed using oligonucleotide primers kindly supplied by Dr. H. James (Tyler, TX) according to previously described methods (7) . Conformation sensitive gel electrophoresis (CSGE) for FX screening mutation was performed as recently described from our group (8) . Sequencing was performed on an ABI PRISM 310 DNA sequencer (Applied Biosystems, Foster City, CA) using ABI PRISM BigDye Terminator Cycle Sequencing Reaction Kit with AmpliTaq DNA Polymerase FS (Applied Biosystems). Forward and reverse primers were the same as those used for polymerase chain reaction (PCR) amplifications. The Sequencing Analysis 3.3 computer program (Applied Biosystems) analyzed sequencing data. Results were compared with factor X sequence as reported in the GenBank database (GenBank accession number AF5035 10).
The crystallized model of wild-type human FX has been used for comparing our mutant model (PDB: 1HCG). The structure analysis was performed in interactive graphics using the software Swiss-pdbViewer as described by others (9) . Energy minimization was performed by GRO-MOS96 implementation of Swiss-pdbViewer.
RESULTS AND DISCUSSION
As previously extensively described (3), laboratory characterization of the family members confirmed the prolongation of prothrombin time (PT) together with a normal partial thromboplastin time (PTT). FX antigen level was normal whereas we found a reduction of factor X activity level (30 u/dL) when tested by the extrinsic pathway. The result didn't change when we used thromboplastins from different sources. A chromogenic assay yielded also moderately decreased levels. On the contrary, the factor X result was always normal when tested with intrinsic system or the RVV-Cephalin method (3) . All other clotting factors were with normal limits. A similar pattern was observed in the proband's father, (ARG251 TRP) brother, two sons, and two nieces, although to a smaller extent. The proposita was considered to be homozygote for the abnormality whereas her relatives were considered to be heterozygotes.
PCR amplification and direct sequencing of the entire FX coding sequence and of exon-intron junctions detected in homozygous condition a C to T transversion in exon 8 at nucleotide 875, resulting in the substitution of tryptophan for arginine 251 (Fig. 1A) . The only niece available for genotyping disclosed a heterozygous condition, thus confirming the interpretation based on clotting tests. SDS-PAGE and immunoblot analysis of FX mutant did not show heterogeneity in the FX light or heavy chain when compared to FX from pooled normal plasma (data not shown). In the Arg251Trp mutation, a polar charged amino acid mutation is replaced with a non-polar one. Molecular modeling of the mutation (Fig. 1B) showed that replacement of arginine 251 is responsible for the loss of a hydrogen bond between Arg251and Asp2O3. The force field energy computation disclosed only a minor increase in the total energy of the mutant molecule compared to the wild-type protein. The energy computation, the normal antigen level, the normal electrophoretic pattern, and asymptomatic clinical history do not suggest an incorrect formation of folded mutant protein. However, the new mutation Arg251Trp is comprised in the loop region Asp250-Glu260 of FX, a high-affinity Ca2+ binding site common to several serine proteases. Although not highly conserved in this group of clotting proteins, Arg251 and corresponding residues His in FVII and FIX and Tyr in Protein C, are all hydrophilic amino acids flanking the coordination site of oxygen atoms to calcium ion through two water molecules in this loop. The introduction of the hydrophobic residue Trp in the highly hydrophilic region significantly changes the local electrostatic potential. Finally, the mutation might modify the corrent mainchain conformation of this calcium binding site (10) . Binding of Ca2+ in the protease domain protects proteolytic cleavage in the autolysis loop, which would lead to loss of catalytic efficiency as reported for factor VII by Sabharwal and colleagues (11) . Moreover, autolysis-loop cleaved FXa has a marked reduction in the FVa affinity. This new genotype is associated to a peculiar functional defect detected only in the extrinsic phase of FX activation where the interaction between FVIIa/TF and FX does occur.
Although we were unable to clearly define the relationship between Ca2+-binding defect and an abnormal activation of FX via the extrinsic pathways, previous in vitro studies suggest that a mutation in this loop abolishes the high-affinity Ca2+ binding site of FX, potentially interfering with FX activation (12) . Moreover, it is of interest to note that other FX mutations involving the low-affinity Ca2+ binding site showed an impairment in the extrinsic pathway activation (13, 14) . This is the case of two mutations in the Gla-domain Ca2+ binding site occurring in the variant Gla+ 14--Lys (FX Vorarlberg) and in the mutant Glal9Ala. When these FX mutants were tested for in vitro activation, they showed a more pronounced decrease in the rate of activation by FVIIa/TF compared to FIXa/FVIIIa. In conclusion, an impairment in the protein conformational change due to decreased affinity for Ca2+ could explain the abnormal activation of FX by the complex TF/FVIIa in factor X Padua.
The structure-function relations in factor X defects are becoming, little by little, clarified (15) .
